Although the damage in myocardial infarction has been demonstrated to be related with the magnitude and number of ST elevation, its relation with terminal distortion of QRS is unclear. The relationship between terminal QRS distortion in ECGs on admission and the results of early low dose dobutamine stress echocardiography (LDSE) performed 6 ± 2 days later was investigated.
ELECTROCARDIOGRAPHY is a noninvasive method that can be recorded easily at bedside. Its diagnostic role in acute myocardial infarction (AMI) is well known. Electrocardiograms (ECG) are useful to clinicians for deciding whether thrombolytic therapy should be given to patients with suspected AMI on admission. In addition, rapid ST segment resolution is a reliable ECG indicator of reperfusion. 1) Several studies were carried out to estimate the ischemic area at risk or final infarct size with the admission ECG mainly by using the number of leads with ST deviation (elevation and/or depression) or the absolute amplitude of ST deviation. [2] [3] [4] [5] However, the results are conflicting. In previous studies, little attention was paid to changes in the QRS morphology. Terminal QRS complex distortion on admission ECG has been used to estimate the final infarct size and the prognosis after AMI; however, it is not certain whether it is more reliable for predicting the final infarct size with respect to other ECG patterns and it is unknown whether it is valuable in determining myocardial viability.
It is important for risk stratification and management to differentiate necrotic and viable but dysfunctional myocardium soon after an acute myocardial infarction. However, since the recovery of dysfunctional myocardium may be delayed for a long time, it is quite difficult to evaluate the extent of myocardial damage early after thrombolysis. 6) Especially for clinical data, coronary angiography and basal echocardiography are not efficient methods for determining the reversible dysfunction at an early stage. 7) Several studies have indicated that predischarge low dose dobutamine stress echocardiography (LDSE), which is a fairly practical method, is very effective for predicting reversible myocardial dysfunction. [8] [9] [10] [11] In the present study, we evaluated whether there was any correlation between terminal QRS distortion on admission ECG and the results of LDSE in patients with a first Q wave anterior acute myocardial infarction.
METHODS
This prospective study included 62 consecutive patients (mean age, 55 ± 11 years) admitted < 6 hours from the onset of symptoms to our coronary care unit with their first acute anterior myocardial infarction between October 1999 and March 2000. Patients were excluded from the study if they had 1) a history or Vol 45 No 3 ECG findings of a healed myocardial infarction, 2) a previous angioplasty or coronary artery bypass graft operation, 3) a serious valvular heart disease, 4) factors that can affect the ST segment (use of digitalis, ventricular preexitation, serious left ventricular hypertrophy, hypercalcemia, chronic liver disorder, clinical evidence of pericarditis), 5) permanent or temporary atrial fibrillation, left bundle branch block, or interventricular conduction defect in the six hours following the onset of chest pain, and 6) admission later than 6 hours from the onset of symptoms. The criteria for diagnosis of anterior Q wave acute myocardial infarction were typical chest pain lasting (30 minutes, an increase twice the normal value in serum creatine kinase-MB fraction, ST elevation ≥ 0.1 mV in ≥ 2 adjacent precordial leads V 1 to V 4 , and development of new abnormal Q wave in ≥ 2 precordial leads. Electrocardiography: The ECG records were evaluated by two cardiologists blinded to the clinical and LDSE data. A 12-lead ECG record was taken at a paper speed of 25 mm/s and amplification of 10 mm/mV before thrombolytic therapy. An isoelectric line was defined as the level of the preceding TP segment. The ST segment was measured 0.08 sec after the J point to the nearest 0.5 mm, and the sum of ST segment elevation (∑ST) was calculated by summing the degree of ST segment elevation in the precordial leads.
The pattern of ischemic ECG changes at the time of admission to hospital was determined before the thrombolysis: 1) Terminal QRS complex distortion absent (QRS-): tall upright T wave with ST segment elevation of ≥ 0.1 mV in ≥ 2 adjacent leads, without major changes in the morphology of the terminal portion of the QRS complex and 2) Terminal QRS complex distortion present (QRS+): tall upright T wave ST segment elevation accompanied by distortion of the terminal portion of the QRS complex in ≥ 2 adjacent leads. Distortion of the terminal portion of the QRS complex was defined in leads with an Rs configuration (V 1 -V 3 ) as absence of the S wave, and in leads with a qR configuration as emergence of the J point at > 50% of the R wave ( Figure 1 ). 12, 13) Infarct size was assessed by predischarge ECGs using the modified 54 criteria, 32 point QRS scoring system of Selvester. 14) In this scoring system, points are given for abnormal Q waves, R wave duration and amplitude, Q-to-R wave ratios, and R-to-S-wave ratios. Each point represents approximately 3% of the left ventricular myocardial mass. Electrocardiograms were separately evaluated by 2 independent observers who had no knowledge of the patient data. Low dose dobutamine stress echocardiography: LDSE was performed 6-7 days after acute myocardial infarction in all patients. None of the medications were stopped before LDSE. The institutional ethics committee of our hospital approved the study protocol. Informed consent was obtained from all patients. Two-dimensional echocardiograms were obtained using an electrical sector scan-ner (VingMed model CFM800) equipped with 2.5 and 3.5 MHz transducers. Images were displayed in real time and were recorded on a videotape using a 0.5inch VHS cassette recorder. Standard views (parasternal long and short axis, apical 2 and 4 chamber views) were recorded in the left lateral position under basal conditions and during dobutamine infusion. Dobutamine was given intravenously by an infusion pump at a dosage of 5 µg/kg/min and was continued for 5 minutes and then increased to 10 µg/kg/min for other 5 minutes. [8] [9] [10] [11] An ECG was monitored continuously. Echocardiographic imaging and blood pressure recording were performed at basal conditions and at the end of each stage. End points for dobutamine infusion were headache, severe nausea, vomiting, ≥ 2 mm ST elevation or depression compared with baseline, heart rate > 120 beat/min, hypotension (systolic blood pressure < 90 mmHg), hypertension (systolic blood pressure ≥ 240 mmHg), and serious ventricular arrhythmia (> 3 ventricular complex at cycle length < 600 msec). 8) The left ventricle was divided according to a 16-segment model as proposed by the American Society of Echocardiography. 15) Wall motion was assessed visually regarding both endocardial motion and wall thickening. The following scoring system was used: 1= normal; normal wall motion and thickening; 2= hypokinesia, marked decrease in endocardial motion and systolic wall thickening; 3= akinesia, absence of inward wall motion and absence of systolic thickness, and 4= dyskinesia; paradoxical wall motion away from center of the left ventricle in systole. 16) When segments of the left ventricle were divided according to the territories supplied by each coronary artery, 9 segments that were supplied by the left anterior descending artery were assigned to the anterior infarct zone; basal and mid anterior septum (at parasternal long axis), mid septum, apical septum, apicolateral (at four chamber), inferoapical, anteroapical, and mid and basal anterior (at two chamber). 17) The wall motion score index (WMSI) was calculated under the basal condition and at the two dobutamine dose levels and defined as the sum of the individual wall motion scores divided by the respective number of the measured segments. 10) Inadequately visualized segments were not scored, and if more than 2 segments of the infarct zone or 4 or more of all 16 segments were not visualized, the study was considered inadequate for analysis. 9) Reversible segmental dysfunction was defined as an enhancement of at least 1 grade or more in at least 2 contiguous infarct zone segments. 18) A patient was considered to have reversible dysfunction if wall motion improved in 2 or more contiguous segments and infarct zone WMSI decreased ≥ 0.22 at follow-up. 10) Statistical analysis: The mean ± SD was calculated for continuous variables, and absolute and relative frequencies were measured for discrete variables. For continuous variables, differences between groups were analyzed for statistical significance by the two-tailed t test and differences between discrete variables were compared using the Chi-square test. We performed a multivariate logistic regression analysis including preserved left ventricular function (WMSI < 2) as a dependent variable, and age, sex, systolic blood pressure, heart rate on admission, peak creatine kinase, the sum of ST segment elevation, the number of leads with ST elevation, and terminal QRS distortion as independent variables. Pearson correlation coefficients (r) and their significance (p) were calculated between different variables. Odds ratios (OR) and 95% confidence intervals (CI) were calculated. For all analyses, a P value < 0.05 was considered to indicate a statistically significant difference.
RESULTS

Baseline characteristics of patients:
The patients were divided into 2 groups according to the presence or absence of terminal QRS distortion as defined above. A QRS-pattern was determined in 33 patients and a QRS+ pattern in 29 patients. The demographic characteristics of all patients are shown in Table I . There were no differences between the two groups with regard to age, sex, sys-tolic and diastolic blood pressures on admission, heart rate on admission, method of reperfusion therapy, and the time from symptom onset to reperfusion (Table I) . According to these results, the two groups were accepted as homogenous. Mean peak creatine kinase was significantly lower in the QRS-group than the QRS+ group (QRS-, 2281.5 ± 1661.2 and QRS+, 3393.2 ± 2700.8, P = 0.01), suggesting the enzymatic infarct area was higher in patients with distortion of the terminal portion of the QRS complex on admission. Patients in the QRS+ (42.7%) group had a lower ejection fraction than the QRS-group (49.1%, P < 0.05). Other echocardiographic parameters were similar between the groups. The sum of ST segment elevation and the number of leads with ST elevation before thrombolytic therapy were different between the groups. Low dose dobutamine stress echocardiography: A total of 558 segments were analyzed at the anterior infarct zone supplied by the left anterior descending artery. There was dyssynergy in 502 (220 hypokinetic and 282 akinetic or dyskinetic) at baseline. LDSE revealed the presence of viable myocardium in 219 (43.6%) segments. At baseline, 71 of these segments were akinetic and 148 hypokinetic. Thus, viability was detected more frequently in hypokinetic segments than in akinetic segments (67.2% and 25.1%, P < 0.001). None of the dyskinetic segments improved after LDSE. The number of akinetic and dyskinetic segments in the infarct zone was higher in patients with QRS+ (QRS-3.93 ± 2.7 and QRS+ 5.00 ± 2.1, P = 0.09) and fewer akinetic segments improved with LDSE than in the QRS-group (akinetic segment in QRS-group, 2.66 ± 1.6, P = 0.03 vs baseline and in QRS+ group 4.17 ± 2.5, P = 0.10 vs baseline) ( Figure 2 ). In the QRS-group, 33.5% (44/131) of akinetic segments and in the QRS+ group, only 17.8% (27/151, P = 0.004) turned into hypokinetic or normal segments in the infarct zone. Also, in the QRSgroup, 78.4% (102/130) of hypokinetic segments became normal, while 51.1% (46/90, P < 0.0001) became normal in the QRS+ group. Patients who responded to LDSE were 81.8% (27/33) in the QRS-group and only 55% (16/29, P = 0.03) in the QRS+ group (Table II) .
Baseline left ventricular WMSI according to 16 segments in the QRS-group was significantly better than in the QRS+ group (P = 0.04). Also, during LDSE, the improvement in left ventricular WMSI in the QRS-group was significantly higher compared to the QRS+ group (Table III) . Baseline WMSI in the infarct zone supplied by the left anterior descending artery was lower in the QRS-group than in the QRS+ group (P < 0.05). Also, during LDSE, infarct zone WMSI in the QRS-group was significantly decreased in relation to baseline (from 2.93 ± 0.65 to 2.37 ± 0.84, P = 0.02) and it was significantly different compared to WMSI in the QRS+ group during LDSE (P = 0.005) (Table III) . Dyssynergic segments at the infarct zone improved to a higher rate by LDSE in the QRS-group than the (Figure 3 ). Multivariate logistic regression analysis did not reveal any distortion of the terminal portion of QRS to be associated with preserved left ventricular function (WMSI < 2) at rest (P = 0.07, OR 4.46, 95% CI, 0.84-25.9), whereas during LDSE an independent association was determined only with terminal QRS distortion (P = 0.03, OR 4.48, 95% CI, 1.13-17.7). Selvester QRS score: The Selvester score was 9.7 ± 4.8 and 9.5 ± 3.6 in the QRSand QRS+ groups, respectively (P > 0.05). Overall, the negative correlation between ejection fraction and Selvester score was significant (r = -0.27, P = 0.02). When the QRS-and QRS+ patients were analyzed separately, it was found to be significant only in the QRS+ group (r = 0.58, P = 0.001). There was no correlation between the Selvester score and left ventricle WMSI at baseline in either group, but this correlation was improved significantly with LDSE (QRS-; r = 0.39 P = 0.02 and QRS+; r = 0.44 P = 0.01) (Table IV, Figures 4 and 5) . Viable segments determined with LDSE in the infarct zone were significantly correlated with the Selvester score, especially in the QRS-patients (r = 0.46 P = 0.006). In the analysis of all patients, there was no correlation between the Selvester score and mean number of akinetic segments at baseline (r = 0.24 P = 0.05), and this correlation became significant with LSDE (r = 0.31 P = 0.01). In subgroup analysis, however, it was found to be significant only in the QRS+ group both at baseline and with LDSE (baseline; r = 0.46 P = 0.01 and LDSE; r = 0.43 P = 0.01). In addition, the correlations between the ∑ST and Selvester score and between the number of leads with ST elevation and Selvester score for the QRS-and QRS+ groups were poor. 
DISCUSSION
We selected only patients with a first anterior AMI in order to have homogeneous study groups and divided the patients into 2 initial patterns according to the absence (QRS-) or presence (QRS+) of terminal QRS distortion. We observed that QRS+ patients had a larger dysfunctional myocardium and were less responsive to LDSE than QRS-patients. Although the mean number of akinetic segments was not different between the groups, during LDSE, they were lower in the QRS-group than in the QRS+ group. Moreover, there was significant correlation between left ventricular WMSI < 2 (good left ventricular function) and terminal QRS distortion. In addition, the correlation between the Selvester score and left ventricular or infarct zone WMSI was improved with LDSE. Several previous studies regarding ECG patterns were intensified on QRS complex. Brinbaum, et al reported that distortion of the terminal portion of the QRS complex on the admission ECG was associated with final infarct size that calculated the 32-point Selvester score in patients who received thrombolytic therapy. 13) However, Christian, et al found no correlation between the predischarge Selvester score and ejection fraction or technetium-99-m sestamibi perfusion defect size in patients who received thrombolytic therapy. 19) In a study involving 38 patients with a first AMI who received thrombolytic therapy, Juengens, et al did not find any correlation between the Selvester score on day 7 and ejection fraction on day 2. 20) However, it correlated well with the ejection fraction 1 month after AMI. Other studies also showed that ECGs might not be reliable for the assessment of infarct size after AMI. 21, 22) Myocardial stunning and hibernation may explain the discrepancies between the predischarge Selvester QRS score or perfusion scintigraphy and early assessment of systolic function. Presumably, QRS changes occur only in regions composed mainly of irreversibly necrotic myocardium, whereas ischemic stunned or hibernating myocardium does not develop QRS alterations. [23] [24] [25] Thus, the Selvester score is less sensitive in detecting segments with necrotic myocardium. 23) In our study, a correlation between the Selvester score and WMSI was not determined in either group at baseline, but with LDSE, a significant correlation was found. Because of higher myocardial necrosis, the Selvester score was also correlated with baseline ejection fraction and number of akinetic segments in the QRS+ group. In contrast, the improvement of akinetic segments by LDSE was negatively correlated with the Selvester score in QRS-patients.
Many studies have indicated that LDSE accurately identifies viability in patients with dysfunctional myocardium. [8] [9] [10] [11] Smart, et al performed LDSE in 63 patients to assess viability soon after AMI treated with thrombolysis. They found that dobutamine-responsive wall motion during LDSE was very specific for reversible dysfunction (90% to 93%) and more sensitive (86%). 10) In anterior MI, the sensitivity and specificity were 73% and 92%, respectively. In a recent study, the early LDSE in patients with AMI had negative and positive predictive values of 76% and 92%, respectively, compared with their resting echocardiographic findings after 18 months. 26) Moreover, it has been reported that LDSE (5 and 10µg/kg/min only) 5 to 14 days after acute myocardial infarction was as sensitive but more specific than rest-redistribution thallium-201 scan for reversible dysfunction by echocardiography 3 months later. 8, 27) Dobutamine stress echocardiography is more accurate, especially in akinetic segments, and is minimally influenced by clinical factors. 8) The only clinical factor that reduced accuracy is a nonanterior infarction location. 8) In our study, in patients with terminal QRS distortion on admission ECG, the enzymatic infarct area and baseline WMSI were larger and baseline ejection fraction was lower than in patients without terminal QRS distortion. Although there was no correlation between baseline left ventricular WMSI and terminal QRS distortion in multivariate analysis, we determined that, after LDSE, viable myocardium had a higher rate in the QRS-group, and preservation of left ventricular function (WMSI < 2) was independently associated with the terminal QRS pattern. A possible explanation for the higher myocardial dysfunction in patients with distortion of the terminal portion of the QRS is that the infarct-related coronary artery may be occluded more abruptly, resulting in severe ischemia or necrosis of unprotected myocardium, whereas, in patients without distortion of the QRS, occlusion may develop more gradually or from preexisting coronary narrowing, allowing some protection by either the collaterals or ischemic preconditioning. Moreover, among anterior wall AMI patients treated with primary or rescue balloon angioplasty, higher rates of noreflow and in-hospital mortality were found in the QRS+ patients with respect to those in the QRS-group. 28) The underlying mechanisms for the presence or absence of terminal QRS distortion in the admission ECG are not clear. A surface electrocardiogram is a summation of the electrical vectors activating the left ventricle. During regional myocardial ischemia, the conduction velocity of the activation wave in the Purkinje fibers is prolonged. 29) Thus, electrical activation of the ischemic zone occurs relatively late. Hence, the terminal vector of the QRS over the ischemic zone is less opposed by activation of the rest of the myocardium. This results in an increase in the R wave in leads with terminal R wave configuration and a disappearance of the S wave in leads with terminal R wave configuration. 30) The Purkinje system is less sensitive than the contracting myocytes to ischemia. 31, 32) Hence, only a severe and prolonged ischemia that affects the Purkinje fibers could alter the terminal portion of the QRS complex. While distortion of the QRS complex may represent severe ischemia, the absence of such distortion despite prolonged ischemia may signify myocardial protection. The markedly higher irreversible segment in the infarct zone among our patients with distortion of the QRS complex who received thrombolytic therapy < 6 hours after the onset of symptoms probably supports our hypothesis. The main limitation to this study is the lack of coronary angiographic results for the patients. Conclusions: When estimating the infarct area and reversible myocardial dysfunction of patients with a first Q wave AMI, the use of an initial ECG, a simple noninvasive method, can serve as a useful prognostic tool in addition to other invasive and noninvasive methods available. Distortion of the terminal portion of Vol 45 No 3 the QRS complex on an admission ECG can help a clinician more than other alterations on an ECG at an early stage of myocardial infarction. This simple classification indicates that the absence of terminal QRS distortion on an initial ECG is correlated with better left ventricular function and higher viable myocardium. By contrast, the presence of terminal portion distortion of the QRS complex is a sign of a higher grade of left ventricular dysfunction, higher necrotic myocardium, and probably a worse prognosis. Additionally, LDSE increases the accuracy of the predischarge QRS score in estimating the infarct area. This result is important for predicting the condition of the patients and designing a treatment strategy after discharge.
